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Abstract 
The paper presents an overview of the final results of the 7FP ICT-EMISSIONS project that developed and validated a novel 
methodology and tool set to evaluate the impact of ICT-related transport measures on mobility and CO2 emissions of vehicle 
fleets under real-world conditions. The methodology combines traffic and emission modelling at micro and macro scales. The 
integration of these scales is an important feature because a measure to influence the behaviour of single vehicles may have an 
impact on the whole network, while traffic management at the network level may influence the behaviour of the single vehicles. 
The paper presents results of a number of ITS systems including Variable Speed Limit (VSL), Green Navigation (GN), Urban 
Traffic Control (UTC), Ecodriving and Adaptive Cruise Control Systems (ACC). These measures have been tested for concrete 
application cases implemented in the cities of Turin, Madrid and Rome. Starting point were real-world data collected by means of 
floating cars. The investigations have taken into account different penetration rates of ICT measures, as well as different traffic 
conditions (e.g. free flow, congested). Each case has been modelled for the current and at least on future fleet composition. The 
results indicate that ITS are overall able to contribute to CO2 emissions reduction by several percent points; the effects, 
nevertheless, are different depending on local conditions. The CO2 benefit is also found to be constrained by the penetration rates 
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of the on-road ITS equipped vehicles: as this share increases a maximum is reached at up to 50% penetration rate and under non-
-congested conditions. 
© 2016The Authors. Published by Elsevier B.V.. 
Peer-review under responsibility of Road and Bridge Research Institute (IBDiM). 
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1. Introduction 
Information and Communications Technology (ICT)/Information and Technology Services (ITS) can play an 
important role in the transport sector, helping in maintaining accessibility and contemporarily optimising the use of 
the vehicles. In fact, ICT/ITS have the potential to drastically change the way people drive and their mobility 
patterns, thus potentially reducing energy consumption, air pollutants and CO2 emissions. The main question is how 
much in quantitative term. To answer these questions one needs to answer a further question, that is, “which is the 
most appropriate method to use for obtaining a reasonable quantitative assessment of the impact of the considered 
measures in the area they will be applied”? This question tries to provide a context for the best tool(s) to be used. 
ICT-EMISSIONS proposal to these concerns is to use mathematical approaches to simulate impacts, through the use 
of validated computer simulation models. By integrating models at different scales, one may assess not only the 
effect on a single vehicle, on which the system is implemented, but for the “whole” area of study (city, region), 
taking into account different levels of system penetration to the fleet. The more specific objectives of the projects 
were: 1. The development of a comprehensive methodology, 2. The development of vehicle simulators, 3. The 
simulation of the impact of various ICT/ITS measures by implementing commercial traffic models at the micro and 
macro scales, and link them to vehicle simulators, following the methodology developed, 4. The validation of the 
methodology on existing real-world ICT/ITS applications in three cities, 5. The capitalisation in a database library of 
the impact of ICT/ITS measures on traffic, energy, and emissions and 6. The exploitation of the results via 
recommendations and implementation guidelines for use of best practices in ICT/ITS measures that can lead to 
significant energy and CO2 reductions from road transport. This paper deals with the results obtained in the project 
concerning a wealth of cooperative ITS systems including Urban Traffic Control (UTC), Variable Speed Limits 
(VSL), Adaptive Cruise Control (ACC), Green Navigation (GN) and Ecodriving.  
 
Nomenclature 
ACC Adaptive Cruise Control  
ADAS Advanced Driver Assistance System 
B&M Berner & Mattner 
CO2 Carbon dioxide 
HDT Heavy Duty Track 
GN Green Navigation  
ICT Information and Communications Technology 
ITS Information and Technology Services 
LCV Light Commercial Vehicles 
OD Origin – Destination 
PC Passenger Car 
PTWs Power two wheelers  
VSL Variable Speed Limits 
UTC Urban Traffic Control 
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2. Architecture of the integrated methodology 
The details of the methodology have been presented elsewhere (Toffolo et al., 2014). Figure 1 illustrates the main 
concept. The main element of the methodology is the integration of different models to simulate the impact of ICT 
measures on fuel consumption and CO2 emissions. Impacts of ICT/ITS measures on traffic are simulated through 
traffic specific models. Vehicle impacts, such as the impacts of ADAS, are simulated by the implementation of 
appropriate vehicle control models. Then, the associated impacts on CO2 and energy consumption are calculated by 
the use of emission models. For the method to operate on a fleet level, then fleet composition models, that allocate 
vehicles to different categories and technologies, need also to be added. For the whole chain of models to operate 
efficiently, an integration between the four models is required, with transparent communication (Input/Output – I/O) 
protocols between the models. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Architecture of the integrated methodology. 
The approach proposed operates on both the macro scale, i.e. the complete link-level urban network, and on the 
micro scale, i.e. second-by-second driving profile impacts. The model integration is done both at micro and at macro 
level. The methodology developed is generic and can be used with any model that operates either on the macro or 
the micro scales. As an outline, when an ICT measure is adopted, this will have a local trip-level effect which, 
depending on the penetration of the measure, will also manifest itself on the macro level. For example, 
implementing traffic adaptive traffic lights over an urban corridor will affect the driving patterns of vehicles on that 
particular corridor but also the entire traffic pattern in the section of the urban network linked to this corridor. In 
order to simulate the impact of this intervention, traffic models need to predict the change in the driving pattern at 
the micro level and then the impact on the activity at the macro level. Therefore, traffic and emission models at the 
micro and macro level need to be linked and to provide consistent results.  
A key component of the integration, where ICT-EMISSIONS focuses, is the ability to scale up the local effects 
obtained at the micro level. The obvious, but mathematically cumbersome, solution has been to connect and 
streamline the micro and macro models. Approaches for shifting from one scale to the other have been developed. 
One of the most important elements in enabling the scaling up or down of any impact is to calibrate the road cost 
functions with and without implementation of the ICT considered. Scaling up these functions in an appropriate way, 
enables to reflect at macro level what has been meticulously simulated at the micro level. The second important 
element of the methodology is the design and execution of necessary enhancements to current models. In many 
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cases (such as the eco-driving, the eco navigation, the ADAS, etc.) the existing models are not suitable to properly 
simulate the effect of the ICT measures considered, at least for the detailed types of results needed to adequately 
evaluate the CO2 effects. Consequently, in several cases, the models need to be enhanced with new features. Figure 
2 illustrates a summary of the developed methodology. 
On the macro scale, in terms of integration, the traffic models need to communicate with the fleet model and 
provide information to the macro emission model. A specific traffic to emission model integration tool needs to be 
developed. This should provide volume per link, speed, gradient, and if necessary, vehicle weight to the emission 
model. The traffic model should also be linked to the fleet composition model so that the proportion of different 
vehicle categories considered in the traffic model represents the traffic composition in the particular environment. 
Finally, the emission model should ideally be enhanced by explicitly taking congestion into account. The ability to 
execute two scenarios at the same time (e.g., baseline and ICT-enhanced scenario) would facilitate a faster execution 
of the simulation. 
In terms of micro modelling, the main new component is the vehicle control system that should simulate the 
impact of ADAS. This should be integrated with the micro traffic model so that the ADAS equipped vehicles are 
affected and, in turn, affect their surrounding traffic. Once this is achieved, driving profiles need to be provided to 
the emission models through an appropriate integration tool. The emission models, in turn, should represent actual 
(averaged or aggregated) on-road vehicle types. Similar to the macro case, the traffic models and the integration tool 
need to communicate with the fleet composition tool. 
Finally, the micro and the macro scales need to produce consistent results. This is mainly achieved by calibrating 
the macro scale, using detailed results from the micro scale. The two elements that require specific calibration are 
the road cost functions of the traffic models and the consumption and CO2 functions of the emission models. 
3. Measures in the focus of ICT-EMISSIONS 
The measures were tested and validated by real-world experiments in the cities of Turin, Madrid and Rome 
where floating cars collected data in the streets to feed our models. These data were also used to tune the models to 
meet the complex urban condition to its best. However, since any impact of measures depends on the vehicle fleet 
structure and its stratification, we first tried to investigate the sensitivity of ICT/its measures tested in different 
vehicle fleets. 
3.1. Fleet composition 
The basic fleet corresponded to a mix of vehicles representing the average vehicle composition, typical for  
2013–2015. In actual implementation of an ICT measure, the exact stratification of vehicles depends on the country 
and even the city considered. Unique typical vehicle fleets for the Spanish and Italian conditions were constructed 
due to the corresponding cities tested in this project. Below, we show the composition of three different fleets 
examined in this study, taking Turin, Italy as an example (Similar trends with regard to the fleets were observed in 
Madrid and Rome): 
 
x Current fleet: The vehicle fleet reflecting the 2013–2015 period. 
x Current fleet + Hybrids: Current fleet assuming that 10% of the cars are hybrid. This would correspond to a city 
that has introduced incentives for the wider introduction of hybrids. In ICT-Emissions, hybrids are further split 
into full hybrids, mild hybrids, plug-in hybrids, and range extenders. 
x Future fleet: Expected composition of the vehicle fleet for year 2030. Further to general trends with respect to 
fuel change and the penetration of advanced technology vehicles, the average conventional vehicle is considered 
more efficient than in the ‘current fleet’ case. 
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Table 1. Fleet composition (%). 
Fleet 2013/2030 Car Fleet 2013 2030 Car Diesel 
Technologies 
2013 2030 Car Gasoline 
Technologies 
2013 2030 
Buses 0.2 Gasoline 55.4 27.5 ≤ Euro 4 73 15  ≤ Euro 4 87 15 
HDT 1.6 Diesel 36.7 53.4 Euro 5 25 20 Euro 5 12 17 
LCV 9.4 Hybrids 0.02 6 Euro 6 2 65 Euro 6 1 68 
PC 88.8 Others 7.88 13.1       
 
Cars hold the lion’s share in a city, representing almost 90% of the total vehicle fleet size. In ICT-Emissions we 
did not take into account power two wheelers (PTWs), despite their abundance in South Europe, because these do 
not comply with typical traffic modelling patterns, rather they are often known to defy traffic rules and generally not 
forming traffic light queues. We hence expect the impact of ICT measures on PTWs to be minimal. Table 1 shows 
the composition of fleet, of car fleet and of diesel and gasoline car technologies for 2013 and 2030.  
From 2013 to 2030, some major trends are observed for passenger cars. First, the fleet shifts from older vehicle 
types to Euro 6, which are considered of lower emission levels and superior efficiency. Second, the penetration rate 
of diesel passenger cars increases, reaching more than 50% in 2030. These are expected to change the absolute 
impact of ICT measures on CO2 emission reduction. 
3.2. Traffic and routing related ICT systems 
3.2.1. Urban Traffic Control (UTC) 
UTC systems are able to measure and forecast queue lengths and adjust green-light phases to optimise efficiency. 
UTC was implemented in Rome and Turin, utilising simulations at both micro and macro levels. UTC was 
implemented in stretches of urban arteries of 1.6 km in Turin (Corso Lecce) and 6.3 km in Rome (Via Appia). The 
AIMSUN model was used in Turin and VISSIM in Rome. Both models were first calibrated so that traffic 
parameters such as travelling time, mean stop time, mean acceleration, etc. matched measurements conducted using 
floating cars at various times of the day, to reflect different congestion levels.  
Real-world experiments were performed with the UTC system on and off, with the assistance of the traffic 
control centres in both cities (5T – Turin and Agenzia Roma Servizi per la Mobilità S.r.l. – Rome). Figure 2 shows 
the effects of the UTC ON scenarios compared with the base case in Turin. The results presented refer to the micro 
level only. At the macro level (city wide level) impacts are much smaller because of the limited area that the 
measure was tested. Scaling up effects of UTC measures is therefore a delicate procedure. It is clear that when 
implementing traffic-adaptive UTC, CO2 emissions and travel time drops. Further, the percentage of stops decreases 
and even the capacity of the network increases slightly. 
 
 
Fig. 2. CO2 relative emissions (left) and travel time (right) with UTC ON and UTC OFF for normal and congested traffic flow (Turin case). 
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The structure of the fleet is important when UTC is considered because the effect of traffic conditions on 
emissions depends on vehicle technology (Figure 3). The 2030 fleet exhibits overall lower CO2 emissions in g/km 
due to the more efficient technologies used. However, the relative improvement with UTC ON seems to drop 
because vehicles become overall more efficient, are equipped with start and stop systems and hence the impact of 
stop time on average CO2 emissions is overall lower. Hybrid and electrified vehicles may also show a different 
performance when modifying traffic conditions. The relative improvement of CO2 emissions seems to maximize for 
full hybrid vehicles, even beyond the relative improvement for vehicles with the possibility for external charging, 
when the latter are used within their electric range. 
 
  
Fig. 3. CO2 benefits of UTC considering the current (2015) and the future (2030) fleets in Rome Italy (left). Relative improvement of CO2 
emissions with UTC system ON for different vehicle types, relative to conventional vehicles (right). The improvement for conventional cars has 
been arbitrary assigned the value of one. 
3.2.2. Variable Speed Limits (VSL) 
VSL can be defined as speed limit management systems which are time dependant and utilize traffic detectors to 
determine the appropriate speed. The VSL system was tested in Madrid, at both micro and macro level (Garcia-
-Castro and Monzon, 2014a, 2014b and Garcia-Castro et al., 2014). Micro level simulation was performed with 
PTV’s VISSIM model, which was calibrated and its results validated with the micro level real world measurements, 
while the emissions at this level have been calculated with AVL Cruise. Following a micro-to-macro interface 
procedure, PTV VISUM simulates the traffic at macro level and COPERT the emissions. 
VSL has been implemented in VISSIM by means of programming the VSL algorithm in Visual Basic, which 
then controls the parameters of VISSIM simulation. In the case study of Madrid the VSL system consists of 
a Variable Message Sign (VMS) situated between A6 and M500 junction, approximately situated half way of the 
section under study. This VMS displays a recommended speed limit of 40, 50, 60, 70 or 80 km/h, depending on the 
control algorithm. The real traffic speed is obtained from existing induction loops. The speed data is smoothened to 
avoid instantaneous speed fluctuations. 
At the micro level, CO2 emissions savings around 1.5% were observed, which are in line with the floating cars 
measurements (1.8%±0.8%). A significant drop in the stop time percentage was also observed, which give us an 
idea of more homogeneous traffic flow due to the impact of VSL. At the macro level (Figure 4), we can observe 
a slight increase in relative CO2 emissions for both 2014 and 2030 fleet compositions due to the decrease in the 
average speed. However, the decrease in travel distance was higher, so that the absolute CO2 emissions decreased. 
This small decrease in global emissions is reasonable since we have a local implementation measured at macro 
scale. 
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Fig. 4. VSL application in Madrid at the macro scale: Left: results with VSL ON absolute (kg) and relative CO2 emissions (g/km), travelled 
distance (km), travelled time (h) and average speed (km/h); Right: Variations in comparison with the base case. 
3.2.3 Green Navigation (GN) 
GN system provides suggestion for fuel efficient route to driver based on calculation of environmental impact 
and real-time traffic situation. Information may be provided via a PDA or mobile phone. GN was investigated at the 
macro level for Madrid’s city and metropolitan area. 
For modelling GN a new transport mode had to be defined in VISUM. This new transport mode, GN drivers, has 
been assigned a new impedance function defined in terms of fuel consumption (directly related to CO2 emissions). 
A percentage of the light vehicles OD matrices will be assigned depending on the green navigation penetration rate. 
I.e. if a penetration rate of 25% of green drivers is considered, then the 75% of the OD matrix will be assigned to 
conventional drivers under the typical impedance function and the rest 25% to green drivers under an impedance 
function based on fuel consumption. Therefore, the new impedance function for green drivers is not only time 
anymore but total fuel consumption, as follows: 
( )[ / ] [ ]greenl FC V g s t s u    (1) 
For this new optimization function, we generated a generalized fuel consumption function for passenger cars as 
a function of speed. We did not differentiate between fuel and size of vehicle because our aim was to use this 
function for routing only. After routing was assigned, the fuel consumption functions of COPERT were used to 
calculate fuel consumption per vehicle type. 
For optimizing routing, the following considerations were made. Green drivers will select their preferable route 
depending on the actual traffic conditions, therefore and to capture this effect accurately, the assignment process is 
divided in two steps or assignment groups. First heavy vehicles and conventional car drivers are assigned to the 
network and subsequently the impedance function of green drivers is calculated for the new traffic levels and 
average speeds. By the second assignment group, green drivers are assigned to the network but instead of doing it in 
a single step, the process is divided in ten stages in order to continuously capture the new traffic conditions. 
Therefore, a 10% of the OD matrix corresponding to green drivers is assigned in each sub-step and the impedance 
function is recalculated after every assignment. 
The investigation was carried out for 3 traffic flow levels and five different green navigation penetration levels. 
The results showed that for the year 2014 fleet with increasing GN penetration rates, the whole network CO2 
emissions decrease until reaching an asymptote (Figure 5). Disaggregating these results into road types, we observe 
that the benefit concentrates in motorways and highways while urban streets and extra urban roads experience 
increases. This means that drivers following “the greener route” are selecting shorter routes, though this may imply 
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crossing the city centre or selecting a road with lower speed than a highway. But this has a negative aspect, which is 
the time increase. As length has an important effect in CO2 emissions, green drivers choose routes similar to the 
minimum length, even having higher travel times. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Green navigation results: whole network, current fleet. Variation from the base case. 
For the future fleet, the whole network CO2 emissions seem to be lower about 1–2%.  
3.3. Vehicle and driving related ICT systems 
3.3.1. Adaptive Cruise Control (ACC) 
ACC is an Advanced Driver Assistance System (ADAS) which controls the velocity of a vehicle subject to the 
distance to the vehicle in front in an automatic way. For modelling the impact of ACC, we produced a new interface 
within ICT-Emissions. The baseline is the speed profile produced by the micro-model and then a specific vehicle-
-control model corrects this to simulate the impact of ACC. In ICT-Emissions, the vehicle control model has been 
developed on the MESSINA software platform, maintained by B&M and proper plugin interfaces for its operation 
have been developed for the Aimsun and SUMO microscopic traffic models. The vehicle control model interacts 
with the micro traffic model on-line when a simulation is executed and computes the speed profiles of the vehicles 
in the simulation in real time. The emissions are computed from the speed profiles by the micro emission model 
after the simulation has finished. In each simulation step information about the velocities of the vehicles in the 
traffic simulation as well as about the distances to the preceding vehicles is transmitted to the ACC model in 
MESSINA. The latter computes from this data the velocities of the vehicles for the next simulation step. Hence, 
there is a continuous exchange of information between the traffic simulator and the vehicle simulator in MESSINA. 
The impact of ACC was examined in the case of Munich for rather light (free flow) traffic conditions in an urban 
ring road (urban highway) and for a typical urban section, with both examples located in the wider Munich area 
(Schwabing). Also, ACC results were obtained in the case of Corse Lecce in Turin for free flow normal and 
congested conditions (Figure 6).  
The impact of ACC cannot be considered directly proportional to its penetration because ACC equipped vehicles 
also affect their surrounding traffic. Hence the end effect is a combination of the impact on traffic behavior of both 
ACC-equipped and non-ACC equipped vehicles. The results are therefore presented as a function of the ACC-
-equipped vehicle occurrence in the fleet. The impact of ACC in free flow conditions maximizes in highways 
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because the ACC equipped vehicles keep a safe distance with the preceding traffic. In this case, most of the benefit 
comes from the smoother operation of the ACC equipped vehicles rather than the surrounding traffic. 
In urban free flow conditions, the benefit is less because vehicles still need to stop at traffic lights, which is the 
main cause of fuel consumption increase. ACC may also offer significant benefits under normal and congested 
traffic in an urban network.  
 
 
 
 
 
 
 
Fig. 6. CO2 benefit (%) for free flow conditions for two different road types as a function of ACC penetration (left) and CO2 benefit (%) at urban 
roads for 3 different traffic levels and 3 ACC penetration rates: 20-60-100% (right). 
This is the result of short response time of ACC vehicles to changes in the activity in front and early, hence 
smoother, braking. This improves start up times of queues from traffic lights and also offers less speed variation 
overall. 
3.3.2 Eco-driving 
Ecodriving involves following a set of techniques such as upshifting to avoid engine speeds over 2500 rpm, 
maintaining steady vehicle speed, anticipating traffic, accelerating and decelerating smoothly, and avoiding long 
idles. Eco-driving was modelled at the micro level in Madrid and at both micro level and macro level in Turin. The 
critical point of eco-driving modelling is to calculate the new capacity of the road when this is used by a certain 
fraction of eco-drivers. In modelling terms, this means determining the new speed-intensity function (fundamental 
diagram). A new speed-intensity curve has been derived for both Madrid (Highway) and Turin (urban network) by 
using the results of several micro traffic simulations with various degrees of eco-driving penetration. 
 
 
 
 
 
 
 
 
Fig. 7. CO2 benefit (%) for 4 different eco-driving penetration rates (20-50-75-100%) and 3 traffic conditions. 
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Figure 7 shows the results for CO2 emissions at the micro level divided for level of traffic and penetration 
rate.We can see that in case of free flow there was an improvement is consistence and arrived till 15% in case all the 
drivers drove in eco style. But the level of the traffic changed the situation; in case of traffic normal if there were all 
ecodrivers the percentage decreased from 15 to 10% and in proportional way in the other cases. In case of traffic 
congested there wasn’t any improvement, on the contrary the presence of ecodrivers worsened the situation. At the 
macro level, the ecodriver increase caused a reduction of the CO2 emission in free (-15% for 100% ecodrivers) and 
normal (-10% for 100% ecodrivers) traffic conditions whereas in congested traffic condition the CO2 emission 
increased (+3% for 100% ecodrivers). Considering the predicted future fleet composition, the CO2 emission would 
decrease according to an almost constant 1% rate in free flow condition, to a 1.3–1.5% rate range in normal traffic 
condition and to a 1.7–2.4% range in congested condition. 
4. Conclusions 
The main achievement of ICT-Emissions is the overall consistency of the modeling approach across micro- and 
macro modelling both for traffic- and emission modelling. In addition, the existing commercial models have been 
modified and calibrated to reflect the real-life conditions in urban areas. Overall the Intelligent Transport Systems 
proved their ability to reduce CO2 emissions by several points depending on local conditions like traffic, 
infrastructure and fleet composition. This potential will be enhanced in the future with more advanced vehicles and 
systems. 
The work undertaken, the results obtained and the know-how of the interdisciplinary project team allow a rather 
clear view of the developments to come: 
 
x ICT-Emissions methodology and toolset will expand beyond CO2 and passenger cars to air pollutants and 
commercial vehicles. 
x ICT-Emissions know-how and team of experts can participate in any Smart Cities Solution and assist in 
deploying effective ICT measures for any particular application. 
x ICT-Emissions methodology can serve as a test bench for the assessment and certification of eco-innovations. 
x ICT-Emissions can contribute to International Collaborations of the EU with a wealth of experiments, test data, 
case studies and validated methods and tools. 
x ICT-Emissions is one major step toward an urgently necessary Standardised Assessment Methodology – a system 
for the interpretation, comparison and up-scaling of different approaches for a Smart, Green and Integrated 
Transport. 
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